The occurrence of arterial hypoxia with polycythemia usually results from some known type of pulmonary disease or from an abnormal communication between the right and left sides of the circulation. Although arterial oxygen unsaturation has been observed in patients with polycythemia vera (1) (2) (3) (4) Physical examination revealed an alert, cyanotic, slightly orthopneic man who weighed 290 pounds and was 67 inches in height. A few rales were heard at the right posterior lung base. The heart was in gallop rhythm, and the pulmonic second sound was accentuated. Mild edema of the abdominal wall and marked edema of the lower extremities was present.
The occurrence of arterial hypoxia with polycythemia usually results from some known type of pulmonary disease or from an abnormal communication between the right and left sides of the circulation. Although arterial oxygen unsaturation has been observed in patients with polycythemia vera (1) (2) (3) (4) , it is usually of only mild degree. Recently, Newman, Feltman, and Devlin (5) found polycythemia and a severe degree of arterial hypoxia in two patients who did not have evidence of any previously described form of lung disease. These authors postulated that polycythemia vera by its effects on the lung or on the respiratory center could give rise to oxygen unsaturation of arterial blood. They also suggested that in some patients polycythemia is secondary to respiratory center disease of undetermined etiology.
It is the purpose of the present report to present the clinical and physiological findings in an obese young man with polycythemia and arterial oxygen unsaturation. CLINICAL REPORT C. D., a thirty-year old white man was admitted to the hospital on January 8, 1954 complaining of shortness of breath and ankle swelling. He had weighed more than 200 pounds for at least 13 years. In 1942 he worked as a furnace feeder in an aluminum plant for six months. He first noted a non-productive cough in 1950 and since then had experienced an increased frequency of respiratory infections. In March, 1952 , an elevated hematocrit was observed, and by October, 1952 he had to stop work because of dyspnea and ankle edema. In the six months before entering the hospital these symptoms increased, and he developed orthopnea.
Physical examination revealed an alert, cyanotic, slightly orthopneic man who weighed 290 pounds and was 67 inches in height. A few rales were heard at the right posterior lung base. The heart was in gallop rhythm, and the pulmonic second sound was accentuated. Mild edema of the abdominal wall and marked edema of the lower extremities was present.
The significant laboratory findings were as follows: red blood cells 6.77 million per cu. mm.; hemoglobin 20 gm. per cent; hematocrit 69 per cent; white blood cells 6,000 per cu. mm. with a normal differential count and normal cellular morphology; platelets 150,000 per cu. mm. The bone marrow showed hyperplasia of the erythroid series, and reticulocytes were 1 per cent of the red blood cells. The blood uric acid was 9.6 mg. per cent. The urinary 17-ketosteroid excretion was 8 mg. in twenty-four hours (normal). X-ray of the chest showed cardiac enlargement and enlargement of the pulmonary vessels. Angiocardiography showed filling of the cardiac chambers in normal sequence. The sella turcica appeared normal by X-ray. An electrocardiogram showed evidence of right ventricular hypertrophy.
Treatment consisted of bed rest, digitalis, sodium and caloric restriction, mercurials and, beginning on the sixth day, repeated phlebotomies. By the end of seventeen days after his date of entry into the hospital a total of five liters of blood had been removed. The patient lost twenty-four pounds in the first five days and an additional thirty pounds before leaving the hospital. He became free of dyspnea and edema and less cyanotic. A chest X-ray taken ten days after admission showed marked diminution in the degree of vascular engorgement, and right ventricular enlargement became apparent He was discharged on February 9, 1954, to continue on the treatment regimen described above.
His status was re-evaluated on April 4, 1954, when his weight and physical findings were the same as they had been at the time of discharge from the hospital. Red blood cell, white blood cell and platelet counts were normal, and the chest X-ray showed further diminution of vascular markings. Neurological, psychometric and electroencephalographic examinations failed to reveal organic brain disease. However, a slight cerebral dysrhythmia without a focal pattern was present on the electroencephalogram. Intermittent treatment in a chest respirator for several days and advice to breathe deeply did not change his clinical status, and he left the hospital after two weeks of observation.
He entered the hospital again on October 4, 1954, at which time there was no change in the clinical or laboratory findings except for a ten-pound weight gain. During his hospital stay of three weeks, a twenty-pound weight loss was effected by more rigid caloric and sodium restriction. Periods: A, before venesection; B, while venesection in progress; C, D, and E, after venesection completed. ond cardiac catheterization the procedure for studying a suspected case of congenital heart disease was done according to the method described by the latter authors. Blood pressure in the pulmonary and brachial arteries and in the right ventricle was recorded by the use of calibrated electromanometers. Plasma volume was determined by the T-1824 dye method as described by Gibson, Evans, and Evelyn (14, 15) .
METHODS

Measurements
The symbols and units used in presenting the observed, assumed and derived values are those recommended by a group of pulmonary physiologists (16) and specifically modified by Riley and Cournand (17) . Mean partial pressure of oxygen in the pulmonary capillaries.
Inspired gas Po,, in mm. Hg B.T.P.S.
Ratio of venous admixture to total blood flow, expressed as per cent. The CO-O2 exchange ratio or respiratory quotient. The oxygen saturation of arterial blood. The oxygen saturation of "effective" capillary blood. The oxygen saturation of mixed venous blood. Physiological dead space, corrected for apparatus dead space in ml. B.T.P.S. Tidal volume, corrected for apparatus dead space in ml. B.T.P.S. Dead space-tidal volume fractional ratio. (20) but was considerably elevated in the last period (E) of study. The maximal diffusing capacity was measured at three and ten months after the initial studies and was found to be normal (20) . A second cardiac catheterization (Table III) to characterize those groups of pulmonary diseases that have been described under the heading of pulmonary fibrosis (21), alveolar-capillary block (22) , or pulmonary emphysema (23) . The observations are similar in most respects to those made by Newman, Feltman, and Devlin (5) in two individuals, and it seems likely that the pathogenesis of the illness is the same in the two instances. However, the failure of the maximum ventilatory capacity to return to normal after treatment in one of their cases contrasts to the ever normal value in this individual and suggests that their patient may have had an additional ventilatory defect.
The severe degree of alveolar hypoventilation demonstrated by this patient can probably account for all of the other physiologic abnormalities which were observed. Thus, arterial hypoxia and carbon dioxide retention would be expected as the immediate consequence of such a defect. With continued hypercapnia and the secondary rise in buffer base the respiratory center would become less sensitive to carbon dioxide, and hence the hypoventilation would tend to be perpetuated. It seems likely that the very small tidal volume which characterized this hypoventilation would leave areas of the lung whose blood circulation was maintained without adequate ventilation and in this manner account for the elevated percentage of venous admixture that was found. It would not be unexpected that the persistence of such hypoxia over a long period would lead to polycythemia. Finally, from the report of similar findings in a patient with diffuse disease of the central nervous system but without intrinsic pulmonary disease (24) would offer no explanation for the CO2 retention observed (11, 25) .
Whether or not the sequence of events was that which has been postulated above, an initiating mechanism for the alveolar hypoventilation was not discovered. It has been suggested (5) that polycythemia vera by a direct effect on the respiratory center might cause hypoventilation, but in this case no confirmatory manifestations of polycythemia vera, e.g., splenomegaly, leucocytosis or thrombocytosis were present. It also seems unlikely that primary damage to the respiratory center with consequent loss of carbon dioxide sensitivity was present since no other signs of organic brain disease could be found and since arterial carbon dioxide tension returned toward normal following treatment. Since the hypoventilation was characterized by a marked reduction of tidal volume, it is possible that it resulted from an overabundance of inspiratory-inhibitory impulses to the respiratory center from stretch receptors either in the lungs or elsewhere in the ventilatory apparatus. If disease of the pulmonary parenchyma accounted for such a disturbance, it was not of sufficient extent to result in detectable roentgenological abnormality. In the absence of such abnormality, the reduction in total lung capacity can best be related to extreme obesity, cardiac enlargement and a long standing pulmonary vascular disturbance. The patient's exposure to fumes from aluminum furnaces was of only six months' duration; this fact, together with the lack of radiologic abnormality would seem to rule out the presence of a pneumoconiosis of the type described by Shaver and Riddell (26) .
It appears possible, however, that the obesity either by a mechanical effect leading to an increase in the work of breathing or else by a reflex effect might give rise to a diminished tidal volume. With respect to mechanical effects it is known that the addition of resistance to the airway (27) can induce progressively decreasing tidal volume with carbon dioxide retention. This patient had no increase in airway resistance as evidenced by the normal maximum ventilatory capacity and spirograms. Undoubtedly there are other factors, both mechanical and reflex, such as the retractive forces and stretch receptors of the chest bellows which could modify tidal volume, but satisfactory methods of studying these in patients have not been developed. Therefore, the importance of the obesity in this instance cannot be evaluated.
Severe pulmonary hypertension at rest was present even after all clinical evidence of right heart failure had disappeared. The elevation of cardiac output was not of sufficient magnitude to cause pulmonary hypertension in a normal individual (28) . Since correction of the arterial oxygen unsaturation did not relieve the pulmonary hypertension, it was probably not maintained by hypoxia alone. Thus it seems probable that the pulmonary hypertension was at least in part due to an anatomic reduction in the capacity of the pulmonary vascular bed. It is likely that such anatomic reduction was in the arteriolar or arterial branches since the normal maximum diffusing capacity suggests that the area of the pulmonary capillary surface was normal (12) . It is impossible to determine with certainty whether pulmonary arterial disease resulted from long standing hypoxia or was primary. However, if primary pulmonary vascular disease was present, it was not of the type described by Dresdale, Schultz, and Michtom (29) , for their patients, unlike this one, had a reduced cardiac output and normal arterial oxygen saturation.
SUM MARY
An obese young man with cyanosis, dyspnea and edema was found to have erythrocytosis and right ventricular hypertrophy but no evidence of disease of the lungs or chest wall or of the central nervous system. Physiologic study revealed the presence of marked arterial hypoxia and hypercapnia and severe alveolar hypoventilation which was characterized by a marked reduction in tidal volume without an increase in respiratory frequency sufficient to maintain normal alveolar ventilation. Marked pulmonary arterial hypertension and increased cardiac output were also present. There was no evidence that these findings were initiated by an abnormal cardiac or vascular communication. Treatment with bed rest, low salt diet, mercurials, digitalis, and phlebotomy was associated with disappearance of dyspnea and edema. When studied after ten months -of such treatnent arterial hypoxia and hypercapnia and alveolar hypoventilation were still present al-though to a lesser degree than at the time of initial observation.
All of the physiologic abnormalities have been attributed to the alveolar hypoventilation, but an initiating mechanism for the alveolar hypoventilation was not discovered.
Addendum
Since this paper was submitted for publication two additional reports have appeared in which very similar physiologic derangements are described (30, 31) .
